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ABSTRACT 


This  report  Is  a study  of  the  performance  of  Salcontnc 
In  controlling  the  oxygen  content  In  a 4000  c.-.ft*  chamber™ 
Salconlne  Is  a regenerative  chelate  possessing  tho  abil.i;;/ 
to  absorb  oxygen  reversibly* 

With  an  Initial  7£*  oxygen  atmosphere,  da  ;a  is  reported 
on  runs  with  approximate  flow  rates  of  3,  2 ad  1 cfra  through 
the  absorbing  unit  under  pressures  of  100,  75.  [?0  and  40  psig« 
Prom  the  above  runs  the  optimum  operating  conditions  appeared 
to  be  100  psl,  with  a circulating  rate  of  2 cL'tu  A few  com- 
parative runs  were  made  with  a 5 and  10£  oxygen  atmosphere 
at  these  optimum  conditions* 

Based  on  the  optimum  operating  condition:  ana  on  r.bso3*p» 
tion  capacity  of  1*3#  oxygen  by  weight,  a uniJ  va:;  designed 
in  conjunction  with  Mark  A for  maintaining  a ‘t  o:yg on  atrios- 
phere,  over  a period  of  60  - 90  days,  with  a onti-nuous  air 
leak  of  Ool  cfm  into  the  specified  chamber o 


INTRODUCTION 


A*  Authorisation 

This  project  was  authorized  by  the  task  order  of  Con- 
tract NSonr-85801,, 

B.  Statement  of  the  Problem 

k program  was  proposed  to  determine  the  optlaum  operat- 
ing conditions  when  using  Saleomlns  to  control  tin  oxygen 
content  In  a 4000  ou*fi*  chamber*  The  data  was  to  be  used 
to  design  a unit  to  meet  Uark  k conditions* 

C,  Known  Facts  Bearing  on  the  Problem 

It  has  been  found (l)  that  the  hazards  arising  from  sod- 
ium fires  can  be  minimized  if  the  atmosphere  over  the  sodium 
is  loss  than  7$  oxygen*  To  maintain  a low  oxygen  atmosphere, 
it  was  decided  to  use  a regenerative  system  in  which  oxygen 
la  absorbed  by  a granular  solid  chemical*  and  then  regenera- 
ted in  a cyclical  process* 

The  absorbents*  which  are  metallic  chelates*  possess 
the  ability  to  absorb  oxygen  revorslbly(2).  They  are  struc- 
turally similar  and  can  be  represented  by  the  for aula 


whero  R is  hydrogen  in  the  case  of  Sale offline , a methoxy 
erouo  (CHo-0-)  in  the  ease  of  methomine*  and  an  ethoxy  group 
(CIKlCIIo-C)  in  the  ease  of  ethomine*  These  absorbents  are 
crystalline  solids  which  can  readily  be  caked  or  granulated. 

The  ohenicals  absorb  oxygen  to  the  extent  of  three  to 
four  weight  per  cent  from  air  at  atmospheric  or  higher  pres- 
sures and  room  temperature.  On  heating  to  temperatures  vary- 
ing from  130°  to  200°7«.  the  compounds  release*  or  desorb* 
the  oxygen*  The  desorption  is  usually  carried  out  under 
vacuum  to  minimize  the  destructive  oxidation  of  the  chemical* 
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The  additional  amount  of  oxygon  that  oan  be  absorbed  per 
unit  cf  chemical  per  cycle  deoroaaos  as  saturation  la  approach- 
ed. In  use  tho  absorption  period  Is  usually  terminated  at  70 
per  cent  of  saturation. 

A detailed  discussion  follows  on  Saloomlne  which  was  the 
absorbsnt  selected  for  maintaining  a Ion  oxygen  content  in 
tho  chamber. 

d.  jajaiajaaa Jaaaicsfct  to  fialreptoa 

Saloomlne  is  a maroon-colored  microcrystalline  material 
which  is  somewhat  soluble  in  pyridine,  chloroform  and  benzene 
as  reported  by  Diehl  and  Co-workers (31,  The  material,  in  a 
dry  state,  absorbs  oxygen,  turning  from  maroon  to  blaCk  In 
color.  The  deoxygenatea  form  of  the  material  is  paramagnetic, 
the  oxygenated  form  diamagnetic.  The  compound  Is  quite  toxic; 
inhalation  of  the  finely  divided  dust  should  be  avoided. 

Saloomlne  will  absorb  oxygen  reversibly  and  nitric  oxide 
and  nitrogen  dioxide  Irreversibly.  Carbon  monoxide,  nitrous 
oxide  and  sulfur  dioxide  are  not  absorbed  ( 3),  Pure  carbon 

dioxide  at  atmospheric  pressure  and  room  temperature  does  not 
appreciably  affeot  the  absorbing  capacity  of  Sslcomlne^l » 

I he  absorption  of  oxygen  is  a reversible  procoss  with  a 
heat  of  reaction  of  18.5  kHocalorles/gm.mol  of  oxygen  ab- 
sorbed. 

It  has  been  shown  by  Diehl  and  Co-workers,  that  Saloomlne 
Is  a blnuclear  compound  in  which  a molecule  of  water  acts  as 
a bridging  group  Or-Aquo)  between  two  cobalt  atoms,  each  of 
which  Is  surrounded  by  the  quadrldentate.  chelating  molecule 
of  the  Schiff  base.  This  material  has  tne  unique  property 
of  reversibly  absorbing  and  releasing  oxygen.  The  addition 
of  the  osqrgen  is  thought  to  take  place  by  the  formation  of  a 

Seroxo  group,  which  makes  a second  bridge  between  tho  two  co- 
alt  atoms  and  fills  tho  sixth  coordination  position  of  each 
cobalt  atom.  Thus,  one  oxygon  molecule  is  absorbed  for  each 
two  cobalt Na toms,  corresponding  to  a gain  in  weight  of  4*79 
per  cent '3'. 

General  rules  are  that  the  oxygen  be  absorbed  at  rela- 
tively low  temperatures  (50-75°F)  and  increased  pressures. 
Regeneration  should  be  carried. gut  at  approximately  200°P 
under  0.1  atmospheric  pressure^?).  The  Saloomlne  should  be 
maintained  at  the  regeneration  temperatures  as  short  a time 
as  possible,  and  should  be  cooled  before  the  absorbing  cycle 
is  started. 
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Adverse  offocts  on  tho  efficiency  and  lifo  of  SaldbmlAe 
aro  producod  by  oily  or .dirty  air,  voter  vapor,  ammonia,  and 
ultra  violot  radiationl&J.  The  materials  mhieh  are  absorbed 
irreversibly  also  decrease  tho  efficiency  of  the  chemical. 
Excessively  oily  or  dirty  air  trill  affoct  tho  life  of  the 
eholato  in  continuous  operation  although  there  is  no  harmful 
effect  for  short  ©xposuro  tines.  Y/ater  vapor  trill  be  ab- 
sorbed by  Salcomine  but  is  removed  in  the  dosorption  cycle. 
If  the  den  point  of  tho  atmosphere  is  higher  than  tho  de- 
sorption temperature  the  condensation  of  water  has  a delet- 
erious effect  on  tho  chemical^*  Uator  vapor  in  the  de- 
sorption atmosphere  has  only  a slight  catalytic  offect  on 
the  rate  of  oheroical  deterioration,  but  the  anount  of  active 
Salcomine  for  oxygen  absorption  can  bo  lomorod  by  as  much  as 

752* 


Although  a number  of  factors  contribute  to  deterioration 
of  the  chelates,  the  most  important  seems  to  bo  an  Irrevers- 
ible oxidation  by  molecular  oxygen.  Kicro-photographic  stud- 
ies shoved  tho  fracture  of  crystals  into  smaller  fragments 
during  oxygenation.  The  Salcomine  mill  fall  to  approximately 
752  efficiency  after  1500  cycles  of  regeneration'2'. 

EP  Program 

A program  mas  proposed  to  determine  tho  engineering  de- 
sign factors  for  a unit  to  operate  under  the  following  condi- 
tions submitted  by  KAPX,  and  EB. 

1.  Tho  gas  from  the  cooler  (feed  to  oxygen  absorbers) 
at  70°F. 

2.  Fresh  mater  at  l80°F  available  up  to  3 6pK  for  the 
desorption  cycle. 

3.  Chilled  mater  at  50°F  available  up  to  3 GPU  for 
the  absorption  cycle. 

Y;ith  an  initial  72  oxygen  contont  In  the  chamber,  the 
range  of  variables  mas  outlined  to  determino  tho  optimum 
operating  conditions. 


Inlet  Pressure 
psl 

100 

75 

50 

30 


Circulating  Hate 
CFU  (froo  air) 

2,1 

2.5, 2,1 

3,2,1 

3,2,1 
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After  determining  the  optimum  conditions,  a few  tests 
were  proposed  with  a 5 and  10#  oxygen  atmosphere  in  the 
chamber*  The  range  of  the  USA  oxygen  indicator  (0-10#  oxygen) 
was  used  to  set  the  limit  of  the  oxygen  content  in  the  feed 
gas. 


METHODS 


A.  Apparatus 

Three  standard  shell  and  tube  heat  exchangers  (Figures 
1 and  3)  were  packed  with  Salcomine  in  the  tabes  to  depths 
of  22,  15  and  10  inches,  containing  9*2,  6.4  and  4.2  pounds 
of  Salcomine  respectively*  The  Salcomine  was  made  in  our 
own  laboratory*  Water  was  circulated  through  the  shell  side 
for  temperature  control  of  the  bed*  A compressor  circulated 
the  atmosphere  of  the  chamber  through  each  of  the  three  units 
(Figures  2 and  4)*  The  USA  oxygen  indicator  (range  C - 10#) 
was  used  for  oxygen  analyses,  the  Instrument  being  checked 
with  an  Orsat  analysis  during  initial  runs* 
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After  checking  the  entire  system  for  leaks,  the  chamber 
was  evacuated  co  approximately  10  inches  of  msreury  (ABS)  and 
filled  with  nitrogen  to  obtain  an  approximate  7#  oxygen  at- 
mosphere. Thereafter,  a slight  pressure  was  kept  in  the  cham- 
ber by  introducing  nitrogen  when  needed  throughout  tha  test 
program. 


The  test  program  was  started  after  the  Initial  activation 
of  the  chemical.  The  average  absorption  was  carried  out  for 
60  minutes  with  inlet  air  and  cooling  water  temperatures  of 
approximately  75°?  and  50°F  respectively.  The  inlet  and  out- 
let gas  temperatures,  pressure  and  flow  were  recorded  with 
the  water  temperature  and  flow.  The  inlet  oxygen  w os  analysed 
at  the  beginning  and  end  of  each  run,  while  the  exit  gas  stream 
was  sampled  continuously  and  recorded  every  5 minutes. 

Ail  regenerations  were  carried  out  at  approximately  l60°F, 
unde?  3 Inches  mercury  pressure  (ABS)  and  the  Salcomine  was 
cooled  to  about  50°F  before  the  absorbing  cycle  was  started. 

The  time  necessary  for  regeneration  was  about  lf>  minutes, 
which  was  checked  by  installing  a wet  gas  meter  on  the  exhaust 
and  measuring  the  flow  of  gas  during  desorption.  The  flow 
rate  of  the  cooling  and  heating  water  was  approximately  3 GPM. 
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DISCUSSION  OF  DATA 


Tables  I,  II  and  III  show  the  summarised  data  of  the 
three  Salcoaine  absorbers*  The  maximum  absorption  was  about 
1.52,  as  compared  to  the  value  of  4*03#  obtained  in  the  lab- 
oratory with  100#  oxygen  at  40  psi  pressure*  All  runs  were 
nade  to  nearly  complete  oxygenation  and  runs  3*  end  25  (Fig- 
ure 5)  were  carried  out  until  the  exit  and  inlet  oxygen  con- 
tent were  almost  equal*  At  the  end  of  the  runs  the  total 
absorption  was  approximately  1*42  at  the  higher  pressure  and 
1*02  at  the  lower  pressure* 

There  have  been  several  suggested  causes  for  the  low 
capacity  of  the  Saloomlne  as  compared  with  the  capacity  ob- 
tained in  the  laboratory  under  ideal  conditions*  One  sugges- 
tion was  that  during  the  short  period  of  pressurizing  the  ab- 
sorber enough  oxygen  was  absorbed  bv  the  Salccmlne  to  indicate 
a low  capacity*  This  is  not  true,  however,  since  less  than  12 
of  the  total  volume  of  gas  passing  through  the  Salcomlne  has 
gone  through  during  the  pressure  build-up.  A second  suggested 
cause,  and  the  one  thought  to  be  most  valid,  i3  that  due  to 
the  method  used  for  packing  the  Saloomlne  in  the  tubes,  all 
the  tubes  may  not  be  used*  There  is  no  reason  to  believe  that 
the  Saleomino  is  not  completely  regenerated,  this  could  also 
be  a cause.  The  oily  available  pressure  equilibrium  data  is 
at  aaro  and  25°C  and  is  shown  in  Figure  6* 

A typical  absorption  curve  of  each  unit  is  illustrated 
in  Figure  7}  taken  from  the  second  run  on  each  unit.  From 
the  data,  it  appears  that  the  pressure  has  a decided  effect 
on  the  rate  of  absorption  and  total  oxygonatlon. 

It  also  appears  that  the  bed  depth  is  not  a controlling 
factor  in  this  experiment*  The  optimum  operating  conditions, 
from  Table  I,  appear  to  be  as  follows. 

Da 3 pressure  100  pslg 

Circulating  Rate  2 CFU 

Cycle  Time  lj-  Hr s.( absorption  and  desorption) 

At  these  operating  conditions,  a few  runs  wore  made  with 
an  initial  5 and  102  oxygen.  As  would  be  expected,  the  ab- 
sorption rate  varies  with  the  initial  oxygen  content  (Figures 
8 and  9)* 


DESIGN  UNIT 

Based  on  the  optimum  operating  conditions  and  unit  $1 
with  a 1*32  absorption  capacity,  a new  Saloomlne  unit  was 
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designed  under  conditions  proposed  by  KAPL, 

!•  Maintain  a 5 $ oxygen  atmosphere  with  0.1  CFW  air 
leakage  to  the  chamber. 

2.  60-90  day  life  on  the  Saloonine. 

The  unit  Is  rectangular  in  shape,  15- 5/8  in.  x 11  in. 
x 8-5/S  in.,  and  is  capable  of  holding  approximately  10  lb. 
of  Saleomine.  Based  on  the  experimental  data  the  unit  should 
readily  handle  the  leak  operating  with  16  cycles/day  with  1 
hour  absorption  and  t hour  for  desorption. 

The  Saleomine  will  be  packed  on  the  shellside  with  water 
flowing  through  the  tubes  for  temperature  control  of  the  bed. 
This  method  of  packing  may  yield  a better  efficiency  of  the 
Saleomine.  Pour  unions  will  permit  the  unit  to  be  replaced 
readily.  (Figure  10). 


FUTURE  RESEARCH 


MSA  will  undertake  the  proof  testing  of  the  new  Saleomine 
unit  along  with  a Baker  unit  supplied  by  KAPL.  This  latter 
unit  is  a catalytic  unit  which  removes  the  oxygen  as  carbon 
dioxide  by  burning  diesel  fuel  over  a catalytic  bed  at  ap- 
proximately 840°F.  The  carbon  dioxide  la  then  removed  with 
a water  scrubber  end  the  air.  primarily  nitrogen.  Is  returned 
to  the  chamber. 

The  conditions  of  the  test  will  approximate  Hark  A condi- 
tions as  nearly  as  possible.  The  chamber  will  be  used  and 
fitted  with  a metered  "leak" . Bata  will  include  the  time  to 
reduce  the  oxygen  from  7%  to  and  the  effect  of  hunldity. 

Any  additional  tests  required  oan  be  determined  later. 
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•nY  INFORMATION 


RESULTS 

TABLE  I 

ABSORPTION 
Unit  fl 

22  in*  Bed  - 9,2  lb.  Sale  online 

Run  % Oo  Press  Air  Tine 

No,  in  gjj  Psig  OF  op  OBJ  lHn. 


1 6,11 

2 6.74 

i.  m 

4 6.70 

5 6,60 


72  48 

71  49 

72  45 

72  45 

74  50 

73  49 


1.01 

1.92 

1.27 

l.3§ 

0.96 

1.41 


6.5o  2.0 
6.34  2.65 
6.68  2.0 
6.ao  1.0 


7«?  52 

73  49 

74  50 

76  51 


0 60 
0 60 
0 60 
0 60 


74  T50  5.0  60 


31 
1.32 
1.58 
1.23 
1.32 


0.121 

0.12 

0.145 

0.113 

0.122 


6.50  2.55 
6.20  2.0 
6.40  1.0 
6.50  2.75 
6.17  2.8 


71  50 
73  49 

71  50 

71  53 

71  49 


1.23 

1.15 

0.73 

0.69 


0.096 

0.113 

1.105 

0.074 

0.063 


6.75 

6.15 

4.89 

5.00 

4.90 


73  50 

73  49 

73  50 

74  50 

74  50 


0 60 
0 60 
0 60 
60 


1.09 

0.91 

0.55 


0.080 

0.081 

o.io 

0.084 

0.051 


?:fi 

0.60 


72  51 

73  49 

72  52 

72  52 

73  54 


15  In.  Bed  - 6.4 


a ter 
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